Primary Audience: Nutritionists, Veterinarians
DESCRIPTION OF PROBLEM
1α-Hydroxycholecalciferol is also known as 1α-OH vitamin D 3 , alfacalcidol, and 1α-OH-D 3 . It has been shown to be a very potent source of vitamin D activity for growing chickens [1] . When fed to broilers at 5 µg/kg, 1α-OH-D 3 has been shown to reduce the incidence of tibial dyschondroplasia [2] [3] [4] and improve phytate P utilization [5, 6] . The positive influence on P utilization is additive with exogenous phytase, presumably because phytase is most active in the upper part of the gastrointestinal tract, where the phytate molecule is hydrolyzed at low pH. With a different mode of action, 1α-OH-D 3 is biologically active in the lower part of the gastrointestinal tract at higher pH, where P (and Ca) is absorbed.
Rats and beagles differ in their ability to tolerate 1α-OH-D 3 . Deaths and histological pathology occurred in Wistar rats dosed with 2.5 and 5 µg of 1α-OH-D 3 /kg of BW per day. Other manifestations included ectopic calcification typical of hypercalcemia in the kidneys and heart [7] .
Beagles, however, exhibited Ca deposition in and on the epithelial cells of the renal tubules when given as little as 0.08 µg/kg of BW per day [8] .
Because 1α-OH-D 3 is active at extremely low concentrations relative to other vitamins, it may also be more toxic than other vitamins and other vitamin D derivatives with lower activities. Several studies have been conducted to determine levels of 1α-OH-D 3 that may be considered excessive [9] [10] [11] [12] . Most of these studies were with very young, slow-growing genotypes (Table 1) by CO 2 asphyxiation for gross necropsy, including examination of the heart, kidney, bursa of Fabricius, pancreas, eye, intestine, liver, spleen, lungs, and skin tissue. Kidney, heart, aorta, and tibia tissues were deposited in neutral buffered formalin and examined histologically. All birds that died during the study were recorded and necropsied to determine the probable cause of death. The house had exhaust and stirring fans, simulating broiler house conditions. The experimental unit was the pen mean. Data were analyzed using a one-way design, and means were separated with Duncan's new multiple range test [15] . The Shapiro-Wilk test was used to test for normality. The CAPABILITY procedure [16] was used to determine the Shapiro-Wilk critical value. All birds were reared according to protocols established by the University of Georgia Animal Care and Use Committee.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
The overall growth rate of birds in this trial was excellent, with BW of 3.10 and 2.63 kg for males and females, respectively, at 42 d (Table  3) . Feed efficiency was also excellent, at 1.55 and 1.70 kg of feed/kg of BW gain for males and females, respectively. The null hypothesis that the data are normally distributed was not rejected at the 5% significance level for any of the dependent variables; all appeared to be normally distributed at P > 0.05. The most surprising aspect of this trial was the high level of mortality, approximately 24% in the control males and 5% in the control females. The cause of death in these birds was almost exclusively ascites, which is associated with high rates of growth in commercial birds. The very fast rates of growth observed in this trial were most likely due to the excellent conditions provided, especially the diets and feeder, waterer, and floor spaces well in excess of standard industry conditions (0.259 m 2 /bird in this trial vs. perhaps 0.074 m 2 /bird in the industry).
The 1α-OH-D 3 had practically no effects on growth rate when fed at 5 µg/kg of diet (Table 3) . Growth rates and FCR were perhaps impaired by 15 µg/kg of 1α-OH-D 3 , but not enough to be declared significantly different at the 0.05 level of probability. Feeding 25 μg/kg of 1α-OH-D 3 significantly decreased feed consumption, growth rate, and FCR. Growth depression was greater in males than in females. Again, this is related to the high rate of growth in the males and is a quantitative rather than a qualitative difference. However, females consumed less feed overall, although they consumed more feed per unit of BW gain. We suggest that males and females may differ in their ability to tolerate high levels of 1α-OH-D 3 . Growth impairment at 25 µg/kg of 1α-OH-D 3 was surprising because 40 µg/kg of 1α-OH-D 3 did not impair growth in an earlier study [7] . Genetic differences related to growth rate may have been responsible for the differences between studies. No gross lesions or abnormalities were observed in the heart, kidney, bursa of Fabricius, pancreas, eye, intestine, liver, spleen, lungs, or skin tissue of control or 1α-OH-D 3 -fed broilers at any level. Mild to moderate kidney mineralization occurred when broilers were fed 15 µg/ kg of 1α-OH-D 3 . It can be concluded based on the histology results ( Table 4 ) that broiler chickens fed 5 µg/kg of 1α-OH-D 3 are safe from tissue damage in the organs studied. Fifteen micrograms per kilogram of 1α-OH-D 3 seems to be the upper level to avoid effects on growth performance. This conclusion is based on the present results (Table 3) and on earlier studies (Table 1) . Based on growth and tibia ash studies, when 1α-OH-D 3 is fed at 5 µg/kg, all goals can be accomplished without affecting bird performance while leaving a performance margin of safety of 3 times.
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It is difficult to compare the results in Table 4 with those from rats and beagles [7, 8] . In the rat and beagle studies, the animals were given daily doses of 1α-OH-D 3 , but in our study, the 1α-OH-D 3 Means within a column and sex classification without common superscripts are significantly different (P < 0.05). 
